I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

*O*xidative stress is the center of many disease conditions such as degenerative diseases such as Alzheimer\'s disease, Parkinson\'s disease,\[[@ref1]\] diabetes,\[[@ref2]\] and cardiovascular disorders.\[[@ref3]\] Reactive oxygen species (ROS) are generated as part of normal metabolic processes.\[[@ref4]\] The ROS that are generated during normal metabolism include hydrogen peroxide (H~2~O~2~), superoxide anion, singlet oxygen, and hydroxyl radicals.\[[@ref5][@ref6]\] Oxidative stress is the result of imbalance between free radicals and antioxidants in the body.\[[@ref7]\] The imbalance condition for a long period causes damage to cells, macromolecules, tissues, organs, and body as a whole. Once there is damage to these macromolecules, their vital functions in the cell metabolism are altered resulting in the manifestation of many diseases.\[[@ref8][@ref9]\] Nucleic acid is one of the major targets for the oxidative damage,\[[@ref10]\] resulting in the metabolic dysfunction and membrane disruption, which leads to many diseases such as cancer,\[[@ref11]\] degenerative diseases, and atherosclerosis.\[[@ref12][@ref13]\] Those molecules which neutralize free radicals are called as antioxidants.\[[@ref14]\] Plants are the richest sources of antioxidants.\[[@ref15]\] Due to their enormous potential, plants are used for many therapeutic applications. The medicinal potential of plants is attributed to the presence of secondary metabolites such as phenolic compounds, flavonoids, alkaloids, terpenoids, vitamins, and tannins. Since from the last one century, there has been considerable interest in the use of herbal-based medicine worldwide.\[[@ref16]\] Moreover, in modern medicine, plants occupy a very significant place as raw material for preparation of drugs.\[[@ref17]\]

Nowadays, there is an intensive research on identifying novel antioxidants from naturally available sources. These antioxidants counteract free radical ions and inhibit oxidative damage caused by free radicals.\[[@ref18]\] *Cassia tora* belongs to family *Fabaceae*, and it mainly grows in India, China, Sri Lanka, and some tropical countries. It is also called as Charota in Hindi and Foetid Cassia in English. It is also known by different names such as Sickle Senna, Wild Senna, Sickle Pod, Coffee Pod, Tovara, Chakvad, and Ringworm plant in various places.\[[@ref19][@ref20]\] Traditionally, cassia is used in Ayurveda mainly for the treatment of leprosy, cardiac disorder, flatulence, bronchitis, cough, dyspepsia, intestinal dryness, etc., The seeds of cassia are in use to treat vision problem, lowering blood pressure, cholesterol, antiasthenic, and xerophthalmia.\[[@ref20][@ref21]\] *C. tora* has varied bioactivities, namely, antioxidant,\[[@ref22]\] hypolipidemic,\[[@ref23]\] larvicidal,\[[@ref24]\] antihepatotoxic,\[[@ref25]\] antiplasmodial,\[[@ref26]\] and anti-inflammatory.\[[@ref27][@ref28]\] Moreover, a wide range of compounds isolated from this plant such as achrosin, emodin, anthraquinones, apigenin, chryso-obtusin, chrysarobin, chrysophanol, and campesterol showed antioxidant activity.\[[@ref29]\] The extract of *C. tora* showed peroxynitrite scavenging activity which is ascribed to alaternin and norrubrofusarin glucose in it. Peroxynitrite is potent pro-oxidant and pro-inflammatory molecule which is formed as a result of oxidative stress.\[[@ref30]\] Recent report showed that *C. tora* leaves extract showed significant cognition enhancing property in scopolamine-induced amnesia models.\[[@ref31]\] Polyphenols from *C. tora* leaves can prevent apoptosis and modulate cataract pathology in rat pups.\[[@ref32]\] Furthermore, *C. tora* extract and its active component aurantio-obtusin inhibited allergic responses in IgE-mediated mast cells and anaphylactic models.\[[@ref28]\] The ethnomedicinal uses of *C. tora* imply that this plant may be capable of protecting DNA and membrane damage against oxidative stress. The present study is focused to determine the levels of flavonoids in the leaf extracts of *C. tora* and to determine its role in protecting DNA and membrane damage by oxidative stress.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

Chemicals {#sec2-1}
---------

Agarose, 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid, and trichloroacetic acid were purchased from Sisco Research Laboratories. λ-DNA was purchased from Bangalore Genei, India. FeSO~4~, 7H~2~O, H~2~O~2~, 2,2-diphenyl-1-picrylhydrazyl radical, 2,2\'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), 2-deoxy-d-ribose, Tris base, ascorbic acid, Na~2~-EDTA, ethidium bromide (EtBr), epicatechin, myricetin, daidzein, quercetin, kaempferol, apigenin, rutin and ethylenediaminetetraacetic acid, and thiobarbituric acid were purchased from Sigma Chemicals Co. (St. Louis, MO, USA). All other chemicals used in the experiment were of analytical grade.

Collection of plant material {#sec2-2}
----------------------------

*C. tora* plant was collected in Shanthigrama Hobli, Hassan district, Karnataka, India. The location of plant collected lie between 12° 13\' and 13° 33\' north latitudes and 75° 33\' and 76° 38\' east longitude. Collected plant was identified by a botanist. The collected plant was washed with running tap water to remove soil and other dust particles, followed by washing with distilled water. The leaf sample was separated and shade dried at room temperature (25°C) for 1 week. The dried leaf was finely powdered using domestic mixer and uniformly sieved using 18 mm mesh size.

Preparation of solvent extract {#sec2-3}
------------------------------

Fifteen grams of finely powdered leaf was extracted with 150 ml of hexane for 6 h, followed by extraction with 150 ml of ethyl acetate for 12 h using Soxhlet apparatus, the extract is filtered using 0.45 mm filter paper, and the extract was then concentrated at 40°C. Further, the extract was freeze dried to achieve complete removal of solvent and stored at 4°C for further use. The residue obtained from ethyl acetate was extracted with 150 ml of methanol for 12 h using Soxhlet apparatus, and it is filtered using 0.45 mm filter paper. The extract was then concentrated at 40°C, followed by freeze drying to completely remove solvent and stored at 4°C for further use. The residue obtained from methanol extraction was further extracted with 10 g of dried residue being added into 100 ml of sterile double-distilled water, followed by boiling for 20 min, and the infusion obtained was filtered with a sterile filter paper Whatman No. 1 under sterile conditions. The extract was then concentrated by a freeze drier (DELVAC company, model no. 00-12).

Analysis of total flavonoids {#sec2-4}
----------------------------

The total flavonoid content of *C. tora* extracts was determined adopting earlier described method.\[[@ref33]\] Quercetin (0--100 μg/ml in methanol) was used as a standard reference. The standard and the extract solutions (mg/ml) were mixed with 0.1 ml of 10% (W/V) aluminum chloride, 0.1 ml of potassium acetate, 1.5 ml of methanol, and 2.8 ml of water. For the blank, both potassium acetate and aluminum chloride were added and their volume was replaced by water. The reaction mixture was incubated for 30 min at room temperature, and the absorbance was taken at 415 nm. The result was analyzed in quercetin equivalent using a 0--100 μg/ml standard curve.

Identification of flavonoids in *Cassia tora* extracts by reversed-phase high-performance liquid chromatography {#sec2-5}
---------------------------------------------------------------------------------------------------------------

Detection and quantification of flavonoids in the *C. tora* extracts were analyzed by earlier described method,\[[@ref34]\] with slight modifications. The standards used were epicatechin, myricetin, daidzein, quercetin, and kaempferol. The column used was reversed-phase C18 column (4.6 mm × 250 mm) high-performance liquid chromatography system (Agilent-Model 1200 series), and the detector used was diode array detector (operating at 260 nm). A gradient solvent system is used which consisting of solvent A -- water: acetic acid (98:2) and solvent B -- methanol: acetic acid (99:1). Gradient elution was linear to 10% B in 5 min, 23% B in 31 min, and 35% B in 43 min, followed by 6 min washing with 100% B and equilibrated for 6 min at 100% A with total run time of 55 min. Ultraviolet (UV) absorbance at 260 nm was used to detect and quantify flavonoids present in the extracts.

Total antioxidant capacity {#sec2-6}
--------------------------

The total antioxidant capacity of extracts was evaluated by the phosphomolybdenum method.\[[@ref35]\] The assay is based on the reduction of Mo (VI) to Mo (V) by the extract and subsequent formation of green phosphate Mo (V) complex at acid pH. In this assay, 0.1 ml of extract was combined with 3 ml of reagent solution (0.6 M sulfuric acid, 28 mM sodium phosphate, and 4 mM ammonium molybdate). The tubes were incubated at 95°C for 90 min. The absorbance of the reaction mixture was measured at 695 nm using a spectrophotometer against blank after cooling to room temperature. Methanol in the place of extract was used as the blank. The antioxidant activity is expressed as the number of gram equivalent of ascorbic acid. The calibration curve was prepared by mixing ascorbic acid (10--100 μg/ml) with methanol.

Measurement of antioxidant activity {#sec2-7}
-----------------------------------

### 2,2\'-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) radical cation decolorization assay {#sec3-1}

The antioxidant activity was tested by ABTS method described earlier.\[[@ref36]\] 7 mM concentration of ABTS was diluted in water. ABTS radical cations were generated by mixing 7 mM ABTS and 2.45 mM potassium persulfate. The reaction mixture was incubated at room temperature for 12--16 h in dark. After 12--16 h, the reaction mixture was diluted in methanol to obtain an absorbance of 0.70 ± 0.020 at 734 nm. In this study, 0--25 μg/ml of different concentrations of *C. tora* extracts was mixed with 1000 μl of ABTS solution and the absorbance was measured using a UV/visible spectrophotometer (Shimadzu) exactly after 5 min of initial mixing. Ascorbic acid (AA) was used as positive control. A dose-dependent curve was plotted to calculate the IC~50~ value.

### Hydroxyl radical scavenging activity {#sec3-2}

Hydroxyl radical scavenging activity was analyzed by deoxyribose method.\[[@ref37]\] Hydroxyl radical was generated using Fenton reagent (ascorbate-EDTA-H~2~O~2~-Fe^3+^ method). The total reaction mixture contained 2-deoxy-2-ribose (2.6 mM), ferric chloride (20 μM), H~2~O~2~ (500 μM), ascorbic acid (100 μM), and plant extracts with various concentrations. The total reaction volume was made up to 1 ml with phosphate buffer (100 μM, pH 7.4). The reaction mixture was incubated at 37°C for 1 h to initiate the reaction. After incubation period, 0.8 ml of the reaction mixture was added to the 2.8% TCA (1.5 ml), followed by 1% tertiary butyl alcohol (1 ml) and 0.1% safety data sheet (0.2 ml). The reaction mixture was then heated to 90°C for 20 min to obtain color, later cooled and 1 ml of double-distilled water was added and absorbance was read at 532 nm with respective blank sample. The percentage of inhibition was calculated by the following equation:

\% inhibition = (A0 -- \[A1 − A2\])/A0 × 100

where A0 is the absorbance of the control without a sample, A1 is the absorbance in the presence of the sample and deoxyribose, and A2 is the absorbance of the sample without deoxyribose.

### Ferric reducing antioxidant power assay {#sec3-3}

The reductive potential of the *C. tora* extracts was determined using standard method.\[[@ref38]\] Different concentrations of *C. tora* extracts in 0.5 ml of water were mixed with equal volumes of 0.2 M phosphate buffer, pH 6.6, and 1% potassium ferricyanide \[K~3~ Fe (CN)~6~\]. The mixture was incubated for 20 min at 50°C. At the end of incubation, an equal volume of 10% trichloroacetic acid was added to the mixture and centrifuged at 3200 ×g for 10 min. The supernatant was mixed with distilled water and 0.1% ferric chloride at 1:1:0.2 (v/v/v) and the absorbance was measured at 700 nm. An increase in the absorbance of the reaction mixture indicates the reducing power potential of the sample. Ascorbic acid was used as a standard for comparison.

Prevention of λ-DNA damage by *Cassia tora* extracts {#sec2-8}
----------------------------------------------------

### Agarose gel electrophoresis {#sec3-4}

Oxidative λ-DNA damage was prevented by *C. tora* leaf extract, and it was assayed by adopting previously described method.\[[@ref39]\] λ-DNA (0.5 μg) with and without *C. tora* extracts (50 μg) was incubated with Fenton reagent (1 mMFeSO~4~, 25 mM H~2~O~2~ in Tris buffer 10 mM, pH 7.4) in a final reaction volume of 30 μL for 1 h at 37°C. Relative difference between oxidized and native DNA was analyzed on 1% agarose gel prepared in Tris-acetate-EDTA buffer (pH 8.5) at 50 V for 3 h at room temperature. The gel was documented (Uvitec Company, software platinum 1D, UK) and the band intensity was determined.

### Ethidium bromide binding to DNA by fluorescence analysis {#sec3-5}

Protective effect of *C. tora* extracts against oxidative λ-DNA damage was analyzed by adopting previously described method.\[[@ref40]\] The change in fluorescence of EtBr bound to DNA was measured. The assay was carried out by incubating λ-DNA (1 μg) with 1 mM FeSO~4~, 25 mM H~2~O~2~ in 10 mM Tris-HCl (pH 7.4) for 1 h. The protection of oxidative λ-DNA damage was analyzed in the presence of 50 μg of *C. tora* extracts for 1 h. The samples thus prepared were mixed with 5 μg of EtBr, and the fluorescence was recorded at excitation at 535 nm and emission at 600 nm.

Melting temperature studies {#sec2-9}
---------------------------

The effect of *C. tora* extracts on the λ-DNA integrity was measured by thermal denaturation studies using a spectrophotometer (Ultrospec, 4300 probe) equipped with thermoprogrammer and data processor (Amersham Pharmacia Biotech, Hong Kong). λ-DNA (1 μg) was incubated with 1 mM FeSO~4~, 25 mM H~2~O~2~ in 10 mM Tris-HCl (pH 7.4) for 1 h for monitoring the oxidative λ-DNA damage in the presence of extract (50 μg) for 1 h. The melting profiles (melting temperature \[T~m~\]) of λ-DNA were recorded at different temperatures ranging from 25°C to 95°C. The T~m~ value was determined graphically from the absorbance versus temperature plots.

Preparation of erythrocytes {#sec2-10}
---------------------------

Rat erythrocytes were isolated and stored as per previously described method.\[[@ref41]\] Briefly, blood samples collected were centrifuged (1500 ×g, 5 min) at 4°C; erythrocytes were separated from the plasma and buffy coat and were washed three times using 10 volumes of 20 mM phosphate-buffered saline (pH 7.4, PBS). Each time, the cell suspension centrifuged at 1500 ×g for 5 min. The supernatant and buffy coats of white cells were carefully removed with each wash. Erythrocytes thus obtained were stored at 4°C and used within 6 h for further studies.

Protective effect on erythrocytes structural morphology {#sec2-11}
-------------------------------------------------------

Rat erythrocytes (50 μl) were incubated with and without *C. tora* extracts (50 μg) and treated with 100 μl of 200 μM H~2~O~2~ for 30 min at 37°C. After incubation, it was centrifuged at 1500 ×g for 10 min and the cell pellets were processed and were fixed in 3% glutaraldehyde on a coverslip.\[[@ref42][@ref43]\] After fixing on the coverslip, the cells were dehydrated in an ascending series of acetone (30%--100%). The dried samples were mounted on an aluminum stub (100--200 Å) using double-sided tape and coated with gold film with a thickness of 10--20 nm using a sputter coater (Polaron, E 5000, and scanning electron micrograph \[SEM\] coating system). The cells were examined under a scanning electron microscope (Model No, LEO 425 VP, Electron Microscopy Ltd, Cambridge, UK).

*In vitro* assay of inhibition of rat erythrocyte hemolysis {#sec2-12}
-----------------------------------------------------------

The inhibition of rat erythrocyte hemolysis by the *C. tora* extracts was determined as per the previously described method with slight modifications.\[[@ref44]\] The rat erythrocyte hemolysis was performed with H~2~O~2~ as free radical initiator. To 200 μl of 10% (v/v) suspension of erythrocytes in PBS, *C. tora* extracts with different concentrations (0--200 μg) were added. To this, 100 μl of 500 μM H~2~O~2~ (in PBS pH 7.4) was added. The reaction mixture was incubated at 37°C for 30 min and was centrifuged at 2000 ×g for 10 min. The absorbance of the resulting supernatant was measured at 410 nm by taking 200 μl of reaction mixture with 800 μl PBS to determine the hemolysis. Likewise, the erythrocytes were treated with H~2~O~2~ and without inhibitors (extracts) to obtain a complete hemolysis. The absorbance of the supernatant was measured at the same condition. Percentage of hemolysis was calculated by taking hemolysis caused by 200 μM H~2~O~2~ as 100 %. The IC~50~ values and the concentration required for the inhibition of 50% hemolysis were calculated.

R[ESULTS AND]{.smallcaps} D[ISCUSSION]{.smallcaps} {#sec1-3}
==================================================

Flavonoids content of *Cassia tora* extracts and identification of flavonoids by reversed-phase high-performance liquid chromatography {#sec2-13}
--------------------------------------------------------------------------------------------------------------------------------------

The levels of flavonoid compounds in the different solvent extract obtained from leaf are represented in [Figure 1](#F1){ref-type="fig"}. The results showed that CtEA contains 106.8 ± 2.8 mg/g d.w.QE, CtME contains 72.4 ± 1.1 mg/g d.w.QE, and CtWE contains 30.4 ± 0.8 mg/g d.w.QE. The high-performance liquid chromatography analysis revealed the presence of flavonoid compounds with maximum detection wavelength at 260 nm. The major flavonoids present in *C. tora* extracts were in the following decreasing order: in CtEA: quercetin \>kaempferol \> epicatechin; in CtME: quercetin \>rutin \>kaempferol; whereas, in CtWE: quercetin \>rutin \>kaempferol \[[Table 1](#T1){ref-type="table"} and [Figure 2](#F2){ref-type="fig"}\]. The extract contains significant amounts of flavonoids in them. This result suggests that antioxidant activity of extracts is ascribed to flavonoids present in the extract. Polyphenol and flavonoid compounds are collectively present in plants. They have varied bioactives such as antiallergic, anti-inflammatory, antiatherosclerotic, and antithrombogenic.\[[@ref45]\] Furthermore, phenolic compounds isolated from *Cassia* species such as alaternin and norrubrofusarin glucoside have shown to have free radical scavenging activity.\[[@ref46]\] The antioxidant potential of flavonoids has been evaluated *in vitro* to measure the ability to trap free radicals. This ability depends on the molecular structure of the molecule.\[[@ref47][@ref48]\] These flavonoids are of beneficial to humans as it has antioxidant function, antimicrobial, anti-inflammatory, anticarcinogenic, antiallergic, antitumor activity, etc.\[[@ref49][@ref50][@ref51][@ref52]\]

![Total flavonoid content of leaf extracts of *Cassia tora*. Extracts of *Cassia tora* were quantitated for total flavonoid content. The values were expressed in mg/g d.w.QE. The values are mean of three replicates ± standard deviation. Means followed by letters (a, b) are significantly different (*P* \< 0.05)](JPBS-9-33-g001){#F1}

###### 

Flavonoid profiles of *Cassia tora* extracts

![](JPBS-9-33-g002)

![High-performance liquid chromatography chromatogram of *Cassia tora* extracts. Different extracts of *Cassia tora* were subjected to high-performance liquid chromatography analysis (a) CtEA, (b) CtME, (c) CtWE, high-performance liquid chromatography chromatogram of *Cassia tora* extracts. The flavonoids analyzed were expressed in numbers (1) epicatechin, (2) rutin, (3) quercetin, (4) apigenin, and (5) kaempferol](JPBS-9-33-g003){#F2}

Total antioxidant content {#sec2-14}
-------------------------

The total antioxidant content of the *C. tora* extracts was measured spectrophotometrically by phosphomolybdenum method. The reduction of Mo (VI) to Mo (V) by the extracts is the main principle of this assay. The formation of green-colored Mo (V) end product was measured at 695 nm. The total antioxidant activity of the extracts in the decreasing order; CtEA \> CtME \> CtWE and is presented in [Figure 3](#F3){ref-type="fig"}. The antioxidant activity of extracts is attributed to flavonoids and other antioxidant compounds present in the extracts. Previous report showed that *C. tora* is rich in phytochemical constituents anthraquinones and glycosides and exhibits rich antioxidant activity.\[[@ref53][@ref54]\]

![Total antioxidant content of *Cassia tora* extracts. Data represent mean ± standard deviation, letter a, b indicates statistical difference between the extracts at *P* \< 0.05](JPBS-9-33-g004){#F3}

2,2\'-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) radical cation decolorization assay {#sec2-15}
--------------------------------------------------------------------------------------------

This method is used to know the ability of antioxidant molecules to quench the long live ABTS^+^. When antioxidant addition to this preformed radical cation reduced it to ABTS in dose dependent manner.\[[@ref55]\] The ABTS is in blue green; by reacting with oxidizing agent potassium persulfate, it becomes dark blue. The antioxidants present in the extracts acts as strong hydrogen donor, in which the colored solution turns to colorless; this can be measured at 734 nm. The IC~50~ value of ascorbic acid was 8.91 ± 0.8 μg/ml, CtEA was 13.88 ± 1.2 μg/ml, CtME was 21.7 ± 2.1 μg/ml, and CtWE was 24.50 ± 2.8 μg/ml. Average IC~50~ values determined by ABTS assay were lower as compared to the values determined by hydroxyl scavenging and ferric reducing antioxidant power (FRAP) assays as represented in [Figure 4a](#F4){ref-type="fig"}. This result implies that free radical scavenging activity is ascribed to flavonoid. Earlier studies with methanol extracts of *C. tora* leaf exhibited antioxidant potency confirming our results.\[[@ref56][@ref57]\]

![Antioxidant activities of *Cassia tora* extracts. (a) Free radical scavenging activity by 2,2\'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid), (b) hydroxyl radical scavenging activity, (c) ferric reducing antioxidant power of CtEA, CtME, and CtWE of *Cassia tora*. Ascorbic acid was used as positive control. The data points represent means ± standard deviation of three independent determinations](JPBS-9-33-g005){#F4}

Hydroxyl radical scavenging activity of *Cassia tora* extracts {#sec2-16}
--------------------------------------------------------------

Hydroxyl radical is the major ROS present in biological systems.\[[@ref58]\] The hydroxyl radical has the ability to cause DNA strand breakage and DNA base modifications, which leads to cytotoxicity, carcinogenesis, etc.\[[@ref59][@ref60]\] It also considered as initiators of lipid peroxidation. Hydroxyl radical scavenging potential of *C. tora* extracts was analyzed using 2-deoxy-2-ribose method. IC~50~ value of CtEA was 82.08 ± 2.88 μg/ml, CtME was 85.8 ± 3.11 μg/ml, CtWE was 327.7 ± 6.88 μg/ml, and of standard ascorbic acid was 81.83 ± 2.4 μg/ml as shown in [Figure 4b](#F4){ref-type="fig"}. This indicates the ability of the extracts to scavenge hydroxyl radicals. This result suggests that extracts reduce the chromogen product formation, which reveals hydroxyl radical scavenging ability. The methanolic extracts of *Ficus sycomorus, Piliostigma thonningii*, and *Moringa oleifera* exhibited higher radical scavenging activity in a dose-dependent manner.\[[@ref61][@ref62]\]

Ferric reducing antioxidant power assay {#sec2-17}
---------------------------------------

FRAP assay is mainly used to measure antioxidant activity. The results of this assay indicate that there was a gradual increase in absorbance in a dose-dependent manner, with increase in the concentration of different extracts. The antioxidant activity trend of different extracts was in the decreasing order; CtEA \> CtME \> CtWE as shown in [Figure 4c](#F4){ref-type="fig"}. This result gives an insight that the extracts have the ability to scavenge various free radicals. Earlier findings from other groups showed that those extracts with free radical scavenging ability may be used for various therapeutics to inhibit oxidative stress.\[[@ref63]\] Arya and Yadav showed that different solvent extracts of *C. tora* leaf exhibited higher ferric reducing power and implied the presence of many bioactive antioxidant molecules.\[[@ref64]\] Dalar *et al*. found that hydrophilic extracts of flower and stem exhibited stronger FRAP potency than leaf and root of *Centaurea karduchorum*.\[[@ref65]\] *M. oleifera* leaf extracts exhibited higher FRAP.\[[@ref61]\] Similarly, reducing capacities exhibited in commonly available herbs widely used in many phytopharmaceutical industry including *Zingiber officinale, Cananga odorata, Daucus carota, Carica papaya, Laurus nobilis, Ribes nigrum, Vanilla planifolia* and pine, oak, and cinnamon have shown high ferric reducing antioxidant potential.\[[@ref66]\] Earlier report suggests that extracts of *C. tora* exhibited high amount of secondary metabolites and showed rich antioxidant potential.\[[@ref67]\]

Inhibition of rat erythrocytes hemolysis {#sec2-18}
----------------------------------------

In the current study, membrane damage or hemolysis of erythrocytes was induced using H~2~O~2~. The protective effect of *C. tora* against damage of erythrocytes was studied using *C. tora* extracts. Oxidants lyse the erythrocytes membrane and lead to leaching of hemoglobin into the medium. The medium turns into red and it is measured at 410 nm as shown in [Table 2](#T2){ref-type="table"}. The CtEA showed higher inhibitory activity than CtME and CtWE. The IC~50~ values for the corresponding extracts CtEA, CtME, and CtWE 72.56 ± 1.88 μg/ml, 94.28 ± 2.24 μg/ml, and 142.4 ± 3.88 μg/ml, respectively. This indicates that bioactive constituents present in the plants acts as antihemolytic activity. The hydrophilic extracts of six plants, namely, *Morinda lucida, Uvaria chamae, Lonchocarpus cyanescens, Croton zambesicus, Raphiostylis beninensis*, and *Xylopia aethiopica*, showed high hemolysis inhibition of red blood cells (RBCs).\[[@ref54]\] Similarly, methanol and ethyl acetate extract of plant stem of *Caesalpinia mimosoides* exhibited significant antihemolytic activity which confirms the cytoprotective function.\[[@ref68]\]

###### 

Red blood cells protective ability of *Cassia tora* extracts

![](JPBS-9-33-g006)

Protective effect of *Cassia tora* extracts on red blood cell structural morphology {#sec2-19}
-----------------------------------------------------------------------------------

*In vitro* SEMs of erythrocytes incubated with H~2~O~2~ alone and with extracts are shown in [Figure 5](#F5){ref-type="fig"}. Control erythrocytes appeared as classic discocytes while exposure to H~2~O~2~ resulted in a significant change in the cell shape and distinct echinocyte formation. The changes in the morphology induced by oxidative system were prevented when the cells were treated with CtEA and CtME extracts. Oxidant damages the cell integrity and leads to disruption in cell rigidity and shape and leads to the formation of echinocytes. Thus, formed cells eventually affect the functioning of erythrocytes.\[[@ref69]\] According to bilayer couple hypothesis, when oxidant or foreign molecules enter RBC, it induce changes in RBC shape and function due to discrepancy of two monolayers of the red cell membrane.\[[@ref70][@ref71]\] When compounds insert into the inner layer, stomatocytes are formed. However, speculated echinocytes are formed when it locates into the outer layer. To substantiate the results of cytoprotectivity on erythrocyte, oxidation was studied. The SEMs represented in [Figure 5](#F5){ref-type="fig"} show the protective ability of extracts on membrane oxidation when compared to the normal erythrocytes \[[Figure 5a](#F5){ref-type="fig"}\]. Erythrocytes when treated with H~2~O~2~ showed the appearance of echinocytes indicates damage to the cell membrane \[[Figure 5b](#F5){ref-type="fig"}\]. The CtEA- and CtME-treated RBC displayed normal erythrocyte morphology which indicates the protective role of *C. tora* extracts. Studies showed that *C. tora* seed extract possesses significant cytoprotection against galactosamine-induced toxicity in primary rat hepatocytes.\[[@ref72]\] Girish *et al*. showed that aqueous extract of black gram husk protected erythrocyte membrane damage caused by H~2~O~2~. Furthermore, hydroalcoholic extracts of *Sapindus saponaria* L. prevents the cellular structural changes in *Candida albicans*.\[[@ref40][@ref73]\] Furthermore, reports available from the literature showed polyphenols from plant sources having cytoprotective role in cell lines.\[[@ref74][@ref75]\]

![Scanning electron micrograph of normal erythrocytes and protective effect of *Cassia tora* against H~2~O~2~ induced oxidative damage on RBC. (a) RBC; (b) RBC + H~2~O~2~; (c) RBC + H~2~O~2~ + CtEA; (d) RBC + H~2~O~2~ + CtME; (e) RBC + H~2~O~2~ + CtWE (×10,000). RBC: Red blood cell](JPBS-9-33-g007){#F5}

Inhibition of Fe^2+^ induced λ-DNA damage by *Cassia tora* extracts {#sec2-20}
-------------------------------------------------------------------

### DNA protection ability of *Cassia tora* extracts {#sec3-6}

DNA damage is mainly caused by the radiations and induces photolysis of H~2~O~2~. The hydroxyl radicals thus released from photolysis causes DNA damage, leading to breakage in the DNA strands and DNA base modification.\[[@ref76][@ref77][@ref78][@ref79]\] DNA protective ability of *C. tora* extracts was evaluated on λ-DNA oxidation \[[Figure 6](#F6){ref-type="fig"}\]. The hydroxyl radical generated by Fenton reagent caused DNA oxidation, with an increase in electrophoretic mobility (Lane 2). This was recovered with the treatment of CtEA and CtME extracts than CtWE. Results indicate that λ-DNA in the presence of radicals and with extracts showed increase in the band intensity where λ-DNA with radicals and without extracts showed no band in 1% agarose gel. Further, treating λ-DNA with extract alone for 1 h did not alter DNA integrity, which suggests the extract itself was not toxic to λ-DNA. Furthermore, more band intensity was observed in the CtEA extracts than CtME and CtWE. Thus, CtEA seems to have protected DNA damage induced by oxidative stress. Thus, DNA damage protection activity of *C. tora* is attributed to flavonoids and other antioxidant compounds that are present in the extract. Methanol extract of *Mentha spicata* Linn exhibits successful protecting activity against DNA damage.\[[@ref80]\]

![Gel electrophoresis image of λ-DNA damage inhibition of *Cassia tora* extracts. Gel electrophoresis image of λ-DNA damage inhibition by *Cassia tora* extracts after 1h of incubation of reaction mixture. Lane 1: 0.5μg DNA alone; Lane 2: 0.5 μg DNA + 1mM FeSO~4~ + 25 mM H~2~O~2~; Lane 3: 0.5 μg DNA + 1 mM FeSO~4~ + 25 mM H~2~O~2~ + 50 μg CtEA; Lane 4: 0.5 μg DNA + 1 mM FeSO~4~ + 25 mM H~2~O~2~ + 50 μg CtME; Lane 5: 0.5 μg DNA + 1 mM FeSO~4~ + 25 mM H~2~O~2~ + 50 μg CtWE](JPBS-9-33-g008){#F6}

Melting temperature studies {#sec2-21}
---------------------------

The T~m~ study provides an insight on the integrity of DNA. The T~m~ of λ-DNA was 70.6°C, whereas it was 54.8°C when it was treated with FeSO~4~/H~2~O~2~ shown in [Table 3](#T3){ref-type="table"}. Low T~m~ in the case of λ-DNA treated with FeSO~4~/H~2~O~2~ was due to the damage of DNA in the presence of hydroxyl radicals whereas T~m~ value for DNA in the presence of CtEA with FeSO~4~/H~2~O~2~ was 73.1°C, CtME with FeSO~4~/H~2~O~2~ was 72.0°C, and CtWE with FeSO~4~/H~2~O~2~ was 68.8°C. The higher T~m~ of λ-DNA in the presence of extracts indicates that oxidative damage was prevented by the extract. Thus, this result indicates that extracts prevented the oxidative DNA damage caused by chelating free radicals. The mechanism of prevention may be due to the scavenging of free radicals by the flavonoids. Girish *et al*. evaluated that the aqueous extracts of black gram husk prevent the damage of DNA in the presence of hydroxyl radicals.\[[@ref40]\]

###### 

Melting temperature of DNA treated with *Cassia tora*

![](JPBS-9-33-g009)

Ethidium Bromide-binding Studies {#sec2-22}
--------------------------------

Fenton reaction causes damage in λ-DNA. The measurement of λ-DNA damage by FeSO~4~/H~2~O~2~ is done by noting the changes in fluorescence of EtBr on binding to λ-DNA in the presence and absence of extracts. EtBr fluorescence for intact λ-DNA was 51.51, whereas λ-DNA treated with FeSO~4~ in the presence of H~2~O~2~ was 27.65. The significant decrease in the fluorescence intensity in the case of λ-DNA treated with FeSO~4~ and H~2~O~2~ was due to the damage of DNA by hydroxyl radicals generated. However, the fluorescence intensity for DNA in the presence of FeSO~4~/H~2~O~2~ and *C. tora* extract was 47.7, 41.98, and 45.96 for CtEA, CtME, and CtWE, respectively, shown in [Figure 7](#F7){ref-type="fig"}. The higher fluorescence intensity observed may be attributed to the free radical scavenging activity of antioxidant compounds and flavonoids in the extracts which prevented DNA damage.

![Ethidium bromide binding to DNA. (a) λ-DNA; (b) λ-DNA + FeSO~4~ + H~2~O~2~; (c) λ-DNA + CtEA + FeSO~4~ + H~2~O~2~; (d) λ-DNA + CtME + FeSO~4~ + H~2~O~2~; (e) λ-DNA + CtWE + FeSO~4~ + H~2~O~2~. Values are mean ± standard deviation (*n* = 3), means with different letters are significantly different at *P* \< 0.05](JPBS-9-33-g010){#F7}

Statistical analysis {#sec2-23}
--------------------

Three independent experiments were conducted in triplicate, and the data were reported as mean ± standard deviation as determined using the statistical program SPSS for Windows, version 10.0 (Armonk, NY: IBM Corp.), with level of significance of *P* \< 0.05.

C[ONCLUSION]{.smallcaps} {#sec1-4}
========================

Free radicals are produced in normal physiological process, which is very noxious and causes many neurodegenerative diseases, chronic diseases such as cancer, diabetes, and atherosclerosis. Imbalance in levels of free radicals and antioxidants in the body causes oxidative stress. The imbalance may be due to excessive production of free radicals or reduced production of antioxidants. There is a need to augment the system with external sources of antioxidants. The requirement of antioxidant through nutrient supply is very much essential. For this purpose, identifying different sources of antioxidants is an important task. To date, plants are the richest source of antioxidants. Our current study on using CtEA and CtME showed that they are rich in flavonoids. The *C. tora* shows that it has quercetin, epicatechin, kaempferol, and apigenin, which acts as antioxidants. The protective effect of these molecules in the extract also exhibited protective role against DNA and erythrocyte damage caused by free radicals. These molecules present in the extracts have the ability to alleviate free radical-radical-induced oxidative stress condition \[[Figure 8](#F8){ref-type="fig"}\]. This plant could be source of several nutraceuticals for managing many degenerative diseases such as neurodegenerative diseases, cancer, and diabetes. This study is the first of its kind wherein different solvent extracts are used to find out levels of flavonoids and assayed for their protective effect against free radical-induced DNA and membrane damage. Further work is in progress to isolate the novel antioxidant compounds responsible for the activity.

![In the biological system, ROS are formed as a natural byproduct during normal metabolism. Environmental stress elevates ROS levels dramatically. This leads to significant damage to nucleic acids and cell structures. Plant as a source of novel drug candidate for protecting DNA and cell structure from oxidative damage. Natural bioactives present in the *C. tora* extracts acts through several mechanisms to quench free radicals. Extracts exhibited antioxidant properties and also protected DNA and cell membrane from oxidative damage](JPBS-9-33-g011){#F8}

Financial support and sponsorship {#sec2-24}
---------------------------------

This work is funded by Startup Grant for Young Scientists by Science and Engineering Research Board, Department of Science and Technology, New Delhi, India.

Conflicts of interest {#sec2-25}
---------------------

There are no conflicts of interest.
